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ABSTRACT 1 
This paper investigates quality of service (QoS) and resource productivity implications of transit route 2 
passenger loading and travel time. It highlights the value of occupancy load factor as a direct passenger 3 
comfort QoS measure. Automatic Fare Collection data for a premium radial bus route in Brisbane, 4 
Australia, is used to investigate time series correlation between occupancy load factor and passenger 5 
average travel time. Correlation is strong across the entire span of service in both directions. Passengers 6 
tend to be making longer, peak direction commuter trips under significantly less comfortable conditions 7 
than off-peak. The Transit Capacity and Quality of Service Manual uses segment based load factor as a 8 
measure of onboard loading comfort QoS. This paper provides additional insight into QoS by relating the 9 
two route based dimensions of occupancy load factor and passenger average travel time together in a two 10 
dimensional format, both from the passenger’s and operator’s perspectives.  Future research will apply 11 
Value of Time to QoS measurement, reflecting perceived passenger comfort through crowding and 12 
average time spent onboard. This would also assist in transit service quality econometric modeling. The 13 
methodology can be readily applied in a practical setting where AFC data for fixed scheduled routes is 14 
available. The study outcomes also provide valuable research and development directions. 15 
 16 
Keywords: Transit, Quality of Service, Load Factor, Travel Time, Occupancy 17 
 18 
  19 
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INTRODUCTION  1 
The Transit Capacity and Quality of Service Manual (1) and Vuchic (2, 3) underpin deterministic capacity 2 
performance analysis for urban transit systems. Measures describing productive performance of an 3 
individual transit service or a whole line are very useful to the operator in quantifying their resources’ 4 
capabilities and passenger quality of service. Bunker (4) extended productive performance measures to 5 
quantify efficiency and operating fashion of transit services and lines, demonstrating their usefulness to 6 
the transit operator in planning, design, and operational activities. Automatic Fare Collection weekday 7 
data on a premium bus route in Brisbane, Australia, was applied in (5) using measures of work load factor 8 
and distance factor respectively to investigate correlation between transit route passenger loading and 9 
travel distance and its implications on quality of service (QoS) and resource productivity. This paper 10 
extends this research by investigating correlation between route occupancy load factor and passenger 11 
average travel time in order to improve and enhance passenger-comfort QoS and resource productivity 12 
assessment. 13 
 14 
LITERATURE REVIEW 15 
Passenger Loading Measures’ Definitions 16 
Vuchic (2) defines load factor at a point as the ratio of passengers transported to spaces offered at 17 
maximum schedule load (MSL) whereas TRB (1) defines it as the ratio of passengers transported to 18 
available seats. This paper uses Vuchic’s definition as it is a normalized volume/capacity measure that 19 
cannot exceed 1.0 for a given transit vehicle unless under crush load conditions. 20 
Vuchic (2) defines work performed along a transit line (or service) as its output of offered service 21 
(sp-km) or utilized service (p-km). Bunker (4) defined transit productiveness as work delivered over time 22 
by service/s traversing a route or line (p-km/h).  23 
Fu et al (6) view efficiency of a system from two different perspectives – economically and 24 
technically. While economic efficiency measures the relationship between the values of output and input, 25 
technical efficiency directly compares output and input. They report a range of common, implicit 26 
technical efficiency measures for urban transit, including service utilization efficiencies of passenger trips 27 
per hour, passenger trips per capital, and km per vehicle. In contrast Bunker (4) examines the physical 28 
system of operation of a transit service or line, where input and output measures have the same quantity 29 
and units, and the two technical efficiencies considered are explicit. Transit productiveness efficiency is 30 
the ratio of actual transit productiveness of a service, route or line to its ideal productiveness. Within a 31 
given distance-time window, this quantity is the same as work utilization coefficient (2), also termed work 32 
load factor (5). Ideal transit productiveness occurs where and when the service, route or line operates at 33 
MSL according to schedule. 34 
Bunker (5) defines distance factor as the ratio of average distance traveled by passengers on the 35 
line to its length. This normalized value is appealing to the operator in describing the operating fashion of 36 
service or line during a given distance-time window. 37 
 38 
Demand Variability along Route or Line 39 
Passenger demand tends to be spread out both in time and space, which prevents offered transit point 40 
capacity from being fully utilized throughout the peak period (5) and along the entire route or line. 41 
Temporal variation at a given point has been accommodated broadly in capacity analysis by the Peak 42 
Hour Factor, while in QoS analysis TCQSM discusses how passenger loading standards can be expressed 43 
as an average during a peak 15, 30, or 60min period (1). 44 
Spatial variation can manifest itself through variation in passenger loads due to boarding and 45 
alighting patterns along the route or line, and to loading diversity within operating equipment. Vuchic (2) 46 
overcomes the point capacity limitation by evaluating a line by segment. Maximum load can ordinarily be 47 
achieved only on the Maximum Load Segment (MLS), while the passenger demand pattern results in 48 
lesser load on all other segments. He reports how an entire line may be analysed in terms of utilized 49 
transit work. This provides the operator a picture of total transit performance along the line during a time 50 
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period. Bunker (4, 5) similarly considers all individual services and passenger patterns at stops during the 1 
distance-time window.  2 
Hassold and Ceder (7) move towards improved appreciation of temporal and spatial variability by 3 
focusing on the determination of daily, hourly and individual service maximum load points in timetable 4 
creation using a multi-objective optimisation network approach. Criteria include wait time, empty-seat 5 
km, and empty-seat hours. With respect to demand data for determination of maximum load points, they 6 
consider random passenger arrivals for wait time estimation, but use either actual point checks or 7 
Automatic Fair Collection (AFC) data for load profiles. This approach is very promising in its 8 
consideration of passenger QoS in scheduling, although it is not a precise methodology for QoS 9 
assessment of an existing route. 10 
 11 
High Passenger Load Conditions and Bus Bunching 12 
Transit lines are under increasing pressure due to population growth and increased mode share (8). Pass-13 
ups occur when passengers are left behind when a service departs under MSL. The effective service 14 
frequency for these passengers is reduced from that which is scheduled, as they are forced to wait for the 15 
next service or find another means of making their trip (1). This can give rise to multiple MLSs and to 16 
disparity in schedule keeping between services on segments along the route or line causing bus bunching, 17 
which is inefficient and impairs reliability. Ji and Zhang (9) consider an approach of using time gaps 18 
between consecutive buses to specify holding times of buses at stops in order to prevent bunching. They 19 
argue that time gaps capture the time and space variations of bus speeds and passenger demand. Strategies 20 
to better manage headway have been investigated in other studies in an effort to reduce adverse impacts 21 
of bunching (10, 11). 22 
 23 
Passenger Travel Time Perception 24 
Transit passengers’ perception of travel time varies depending on conditions being experienced, in 25 
particular on-board passenger loading and duration of travel. Although research reveals that valuing 26 
individuals’ travel time is complex and can depend upon many factors such as location, trip purpose and 27 
mode (12), single point estimates of in-vehicle Value of Time (VoT) as a percentage of prevailing wage 28 
rate are useful in illustrating the effect of conditions experienced on passengers’ travel time perceptions.   29 
VoT established by Concas and Kolpakov (13) for transit in-vehicle seated varies between 25% 30 
and 35%, while VoT for transit in-vehicle standing is 50% or up to twice that of seated, and VoT for 31 
transit in-vehicle crowded is 100% or up to four times that of seated. These values are quoted in (1) as 32 
typical VoT for different types of travel. 33 
According to TCQSM (1) longer distance trips are generally agreed to attract a higher unit rate 34 
VoT; the longer the trip to be made, the more value the average passenger will place on reducing the 35 
travel by a single unit of time. While recommended values and elasticities vary widely between studies, 36 
the literature suggests that further research is necessary to examine the influence of passenger travel time 37 
on VoT, and hence perceived QoS. 38 
When speed is relatively consistent along a route during a time period of interest, passenger on-39 
board travel distance is a reasonable proxy for their actual travel time. Bunker (5) shows that higher work 40 
load factor and greater distance factor for a given route during a distance-time window of interest together 41 
should have a pronounced effect in degradation of passengers’ perceptions of QoS. This paper extends 42 
this research effort by investigating whether the temporal measures of a route’s occupancy load factor 43 
and passenger average travel time might be more robust means of characterizing passenger QoS. 44 
 45 
Transit Analysis using Electronic Data 46 
Use of Automatic Vehicle Location (AVL) and Automatic Passenger Counters (APC) / Automatic Fare 47 
Collection (AFC) data is ubiquitous in transit research. Carrasco demonstrates that AVL data can be used 48 
to provide a detailed depiction of transit service reliability including location of reliability problems (14). 49 
Furth et al (15) provide guidance on the use of AVL and APC data in improving transit performance and 50 
management by examining crowding. Sun and Xu contend that AFC has provided transit agencies with 51 
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huge amounts of operational data, which have the potential to serve functions beyond the designated 1 
purpose of revenue management (16). They show that AFC data lends itself well to travel time reliability 2 
analysis as a QoS problem. 3 
In this study, AFC data was obtained from a hybrid smart-card touch-on/off and legacy on-board 4 
paper ticket sale system with a 100% sample rate. 5 
 6 
THEORY DEVELOPMENT 7 
 8 
Transit Route Load Factors 9 
Consider distance-time window Z existing on the trajectory plane of the entire length of Route R, during a 10 
time period of constant duration such as one hour. This time period of interest is referenced to a location 11 
on the plane, such as terminus departure hour, but moves forward along the plane with distance, 12 
enveloping the paths of services (revenue trips) of interest. The slopes of the leading and trailing edges of 13 
window Z on the trajectory plane are such that, for each segment i of route R, the set of consecutive 14 
services of interest k equals 1 to m, which traverse route R during the time period, are contained within Z.  15 
 16 
Bunker (5) defines work load factor (p-km/sp-km), of transit route R within window Z by: 17 
 18 
𝐿𝐹𝑤𝑜𝑟𝑘𝑅,𝑍 = ∑ �𝑠𝑖 ∑ 𝑃𝑂𝐵,𝑘,𝑖𝑚𝑘=1 �𝑛𝑖=1 ∑ �𝑠𝑖 ∑ 𝑃𝑀𝑆𝐿,𝑘𝑚𝑘=1 �𝑛𝑖=1   (1) 
 19 
Where: 20 
𝑠𝑖 = length of segment i (km) 21 
𝑃𝑂𝐵,𝑘,𝑖 = passengers on board kth service on segment i (p) 22 
𝑃𝑀𝑆𝐿,𝑘 = maximum scheduled load of kth service (p) 23 
 24 
This paper defines occupancy load factor (p-min/sp-min), of transit route R within distance-time 25 
window Z according to: 26 
 27 
𝐿𝐹𝑜𝑐𝑐𝑅,𝑍 = ∑ �∑ �𝑡𝑘,𝑖𝑃𝑂𝐵,𝑘,𝑖�𝑛𝑖=1 �𝑚𝑘=1 ∑ �𝑃𝑀𝑆𝐿,𝑘 ∑ 𝑡𝑘,𝑖𝑛𝑖=1 �𝑚𝑘=1   (2) 
 28 
Where: 29 
𝑡𝑘,𝑖 = scheduled (or actual) segment time for kth service to complete segment i (min) 30 
𝐿𝐹𝑜𝑐𝑐𝑅,𝑍 characterizes occupancy of available transit time-spaces averaged along route R with 31 
respect to the time axis of the trajectory plane containing Z, whereas 𝐿𝐹𝑤𝑜𝑟𝑘𝑅,𝑍 characterizes utilized 32 
transit work (2) averaged along route R with respect to the distance axis of the trajectory plane containing 33 
Z. This subtlety is important. Passengers should perceive crowding during their time spent onboard the 34 
transit service more so than distance traveled. Of the two measures, occupancy load factor is considered 35 
to be the more direct passenger comfort QoS measure.  36 
 37 
Transit Route Passenger Average Travel Time 38 
The average travel time (min) for those passengers using the set of consecutive services k equals 1 to m 39 
which traverse route R within distance-time window Z can be characterized by: 40 
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 1 
𝑡𝑝,𝑎𝑣𝑅,𝑍 = ∑ �∑ 𝑡𝑘,𝑖𝑃𝑂𝐵,𝑘,𝑖𝑚𝑘=1 �𝑛𝑖=1∑ �∑ 𝑃𝐵,𝑘,𝑖𝑚𝑘=1 � 𝑛𝑖=1   (3) 
 2 
Where: 3 
𝑃𝐵,𝑘,𝑖 = passengers boarding service k at stop before segment i (p) 4 
TRANSIT ROUTE CASE STUDY 5 
This transit route case study first investigates distinct differences between occupancy load factor and 6 
work load factor. It then investigates correlation between occupancy load factor and passenger average 7 
travel time, for implications to passenger QoS and resource productivity.  8 
The case study uses the premium radial bus route in Brisbane, Australia after (5). AFC data was 9 
provided by Queensland Transport and Main Roads’ TransLink Division for a normal 24 hour weekday in 10 
April 2012 for Route 222, from which boardings and alightings for each service along the route were 11 
determined. Figure 1 illustrates the route’s location and characteristics. 12 
 13 
 
 14 
FIGURE 1 Case Study Route 222 Location in Brisbane, Australia, NOTE: 1km = 0.62mi. 15 
 16 
Route 222 contains 12 segments of total length 12.9km (8.0mi). The outermost five are on-street 17 
bus (OSB) segments on an arterial road corridor while the innermost seven are segments on a Bus Rapid 18 
Transit (BRT) line. The outermost terminus (RSC in Figure 1) serves a regional shopping center, which is 19 
a major bus interchange for numerous other radial, circumferential, and feeder routes. The OSB stops 20 
(MSA through MSD in Figure 1) are located at main street shopping nodes surrounded by low to medium 21 
density suburban development. The premium BRT stations (SCH through IMT in Figure 1) are adjacent 22 
RSC
IMT
CBD
MSA
MSBMSC
MSD
SCH
COM
INT
HSOUNI
CCR
6.2km On-street
6.7km BRT
Legend
4 lane arterial road
2 lane segregated BRT
2 lane transitway BRT
On-street bus stop
BRT station
Bunker  7 
TRB 2015 
to significant inner urban precincts, which were described in (5). Importantly, the BRT segments between 1 
stations UNI and IMT contain three busy signalized intersections with opposing general traffic 2 
movements, and numerous tight geometric elements, which considerably reduce buses’ running speeds. 3 
At the time of data acquisition, Route 222 offered an off-peak 15 minute frequency between 4 
approximately 05:00 and 23:30, and a 10 minute frequency in the peak direction during each of the two 5 
hour peak periods. Figure 2 illustrates the schedule paths in each direction for the a.m. peak, off-peak, and 6 
p.m. peak periods. The durations of outbound paths are longer due to different routing arrangements 7 
between directions in the vicinity of the outer terminus. 8 
 9 
 
 10 
FIGURE 2 Case Study Route 222 Weekday Inbound and Outbound Schedule Paths, NOTE: 1km = 0.62mi. 11 
 12 
A fleet of 12.5m (41.0ft) buses with 45 seats and 65p MSL was used on all Route 222 services, 13 
aside from each of the highest demand morning inbound service and evening outbound service, for which 14 
14.5m (47.5ft) buses with 55 seats and an 85p MSL were used. 15 
Route 222 shares transit line with a sister, premium radial route that has a similar stopping pattern 16 
and some limited deviation, and with similar frequencies and hours of service. It also shares transit line 17 
with two all-stops routes and a number of peak period, peak direction express sweeper routes having 18 
limited stopping patterns and some route deviations. While these other routes do provide alternative travel 19 
choices for Route 222 passengers, for clarity are omitted from this analysis. 20 
 21 
Route Passenger Loading Profiles 22 
Bunker (5) illustrated the loading profile for each service in each direction along Route 222 across the 23 
weekday. Figure 3 compiles these on an hourly basis for the (a) inbound and (b) outbound directions. 24 
Figure 3 (a) reveals a strong morning peak and softer evening peak typical of an urban radial 25 
transport facility. The MLS was predominantly after station COM, which is upstream of the major inner 26 
urban stations. The evening inbound peak was substantially softer than the morning peak, reflecting 27 
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contra-peak demand by passengers who departed the regional shopping center, as well as passengers who 1 
departed major inner urban attractions using Route 222 to reach CBD stations for onward interchange. 2 
Figure 3 (b) shows a relatively strong evening peak and soft morning peak typical of an urban 3 
radial transport facility. The MLS was predominantly the same segment as it was inbound (after station 4 
INT). Although peak loadings did not reach those of the inbound morning services, the evening outbound 5 
peak was longer and more dispersed. Outbound loadings also remained higher into the evening than 6 
inbound. The morning outbound peak was substantially softer than the evening peak, which is attributed 7 
to contra-peak direction demand by passengers who arrived at the regional shopping center, as well as 8 
passengers who interchanged at CBD stations and used Route 222 to reach major inner urban attractions. 9 
The previous study (5) found that, despite having very different loading profiles, work performed 10 
was very similar between the inbound and outbound directions. By contrast, total time-spaces occupied 11 
were 25,729p-min inbound, and 32,127p-min outbound. This is due to the slower schedule outbound than 12 
inbound, and consequently lower service quality. 13 
 14 
  
 15 
FIGURE 3 Case Study Route 222 Weekday (a) Inbound and (b) Outbound Passenger Loading Profiles. 16 
 17 
Relationship between Route Work and Occupancy Load Factors 18 
Figure 4 illustrates for each of the inbound and outbound directions a line-of-equality comparison of 19 
𝐿𝐹𝑤𝑜𝑟𝑘 and 𝐿𝐹𝑜𝑐𝑐, across all Route 222 services for the weekday studied.  20 
For each direction linear regression demonstrates extremely high correlation between 𝐿𝐹𝑤𝑜𝑟𝑘 and 21 
𝐿𝐹𝑜𝑐𝑐 with R2 values near 1. However, for the majority of services the data points lie above the line-of-22 
equality, revealing that 𝐿𝐹𝑤𝑜𝑟𝑘 exceeds 𝐿𝐹𝑜𝑐𝑐. This is confirmed by the regression constants of 1.12 and 23 
1.07 for the inbound and outbound directions respectively. 24 
Figure 3 shows that the BRT segments between stations SCH and UNI were more heavily loaded 25 
than those OSB segments outwards of SCH and those BRT segments inwards of UNI. The MLS in both 26 
directions is on the BRT segment between stations COM and INT. Meanwhile, Figure 2 shows that the 27 
heavily loaded BRT segments between stations SCH and UNI had higher schedule speeds than those OSB 28 
segments outwards of SCH and those BRT segments inwards of UNI. Thus, load factor calculated by 29 
work performed rather than time-spaces occupied for this particular route yields higher values. 30 
This has important implications regarding passenger comfort. On the contention that passengers 31 
should perceive crowding during their time spent onboard the transit service, more so than distance 32 
traveled, the consistently lower values of 𝐿𝐹𝑜𝑐𝑐 than 𝐿𝐹𝑤𝑜𝑟𝑘 indicates that the BRT facility containing 33 
those more heavily loaded segments is useful in improving passenger comfort QoS. 34 
If the BRT facility were not present and the most heavily loaded segments’ speeds were the same 35 
as those on the other segments, then 𝐿𝐹𝑜𝑐𝑐 by service would tend to match the higher 𝐿𝐹𝑤𝑜𝑟𝑘. If those 36 
speeds were lower than those on the other segments, for instance due to a congested inner urban street 37 
network, then 𝐿𝐹𝑜𝑐𝑐 by service would tend to be higher than 𝐿𝐹𝑤𝑜𝑟𝑘. Work utilization coefficient (2) 38 
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does not capture variation in passenger onboard crowding comfort QoS due to variation in facility 1 
segment running times, whereas 𝐿𝐹𝑜𝑐𝑐 does.  2 
 3 
 
 4 
FIGURE 4 Case Study Route 222 Weekday Services’ Work Load Factor vs Occupancy Load Factor by 5 
Direction. 6 
 7 
Time Series Correlation of Occupancy Load Factor and Passenger Average Travel Time  8 
Figure 5 illustrates the inbound time series of 𝐿𝐹𝑜𝑐𝑐 and 𝑡𝑝,𝑎𝑣 across the study weekday, portrayed by the 9 
thinner curves containing an icon for each service. Both 𝐿𝐹𝑜𝑐𝑐 and 𝑡𝑝,𝑎𝑣 undulate between successive 10 
services, which may be attributed to bus bunching particularly in the morning inbound peak period, as 11 
well as some stochasticity in passenger arrivals on this route across the day due to the short 7.5min 12 
headway between Route 222 and its sister premium route (5) combined. 13 
As with the previous study of correlation between 𝐿𝐹𝑤𝑜𝑟𝑘 and distance factor (5), to gain a more 14 
concise picture of variation in both 𝐿𝐹𝑜𝑐𝑐 and 𝑡𝑝,𝑎𝑣 across the day, localized noise between the successive 15 
services’ time series is smoothed by plotting hour by hour time series for Route 222 shown by the thicker 16 
curves in Figure 5.  17 
The hour by hour time series curves follow very similar undulation throughout the daytime and 18 
early evening until 19:30 suggesting 𝐿𝐹𝑜𝑐𝑐 and 𝑡𝑝,𝑎𝑣 are correlated for inbound daytime services on CSR. 19 
However there does not appear to be any correlation for late evening services after 19:30.  20 
Table 1 provides the results of correlation analysis between 𝐿𝐹𝑜𝑐𝑐 and 𝑡𝑝,𝑎𝑣 for the inbound hour 21 
by hour time series data. Pearson’s correlation coefficient shows a strong correlation across the full span 22 
of service, within a 1 percent level of significance using the Student’s t test. When late evening hours are 23 
excluded, Pearson’s correlation coefficient shows an even stronger correlation within a 0.1 percent level 24 
of significance.  25 
With the strong correlation between 𝐿𝐹𝑜𝑐𝑐 and 𝑡𝑝,𝑎𝑣 for inbound services not continuing into the 26 
late evening, passengers tended to make longer duration, commuter style trips on Route 222 inbound 27 
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during the peak periods, particularly the strong morning peak. During daytime off-peak periods lower 1 
𝑡𝑝,𝑎𝑣  means a greater proportion of passengers made more localized trips. During the evening off-peak 2 
period the small numbers who used Route 222 inbound made longer trips, most likely associated with 3 
homeward bound travel from the regional shopping center. 4 
It is important to note that, even though Figure 4 shows that 𝐿𝐹𝑜𝑐𝑐 is consistently and 5 
proportionally more moderate than 𝐿𝐹𝑤𝑜𝑟𝑘 by 10 percent throughout the entire weekday studied, the 6 
inflation of the route’s scheduled online time from 24 minutes for off-peak services to 29 minutes for 7 
peak services results in stronger peaks in 𝑡𝑝,𝑎𝑣 during both peak periods than in distance factor from the 8 
previous study (5). Accordingly, correlation between 𝐿𝐹𝑜𝑐𝑐 and 𝑡𝑝,𝑎𝑣 is notably stronger here than was 9 
determined between 𝐿𝐹𝑤𝑜𝑟𝑘  and distance factor (which was 0.50 for full-span and 0.68 for daytime). 10 
 11 
 
 12 
FIGURE 5 Case Study Route 222 Weekday Inbound Services’ Time Series Occupancy Load Factor (bottom) 13 
and Passenger Average Travel Time (top). 14 
 15 
Figure 6 illustrates the outbound time series of 𝐿𝐹𝑜𝑐𝑐 and 𝑡𝑝,𝑎𝑣 across the study weekday, 16 
portrayed by the thinner curves containing an icon for each service. Again, both undulate between 17 
successive services. Localized noise between the successive services’ time series has also been smoothed 18 
by plotting hour by hour time series shown by the thicker curves. The hour by hour time series curves 19 
follow very similar undulation throughout the daytime and early evening until 21:30, apart from an 20 
inverse correlation during the softer outbound morning counter-peak.  21 
Table 1 includes the results of correlation analysis between 𝐿𝐹𝑜𝑐𝑐 and 𝑡𝑝,𝑎𝑣 for the outbound hour 22 
by hour time series data. Pearson’s correlation coefficient shows a strong correlation across the full span 23 
of service, within a 1 percent level of significance using the Student’s t test.  24 
Again passengers made longer duration, commuter style trips on Route 222 outbound during the 25 
evening peak period. During off-peak periods lower 𝑡𝑝,𝑎𝑣 means a greater proportion of passengers made 26 
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more localized trips. The inverse correlation during the softer morning counter-peak could be explained 1 
by a number of short connections made using Route 222 from CBD stops to inner urban attractions. 2 
As with the inbound direction, the inflation of the route’s outbound scheduled online time for the 3 
outbound direction from 29 minutes for off-peak services to 33 minutes for peak services results in 4 
stronger peaks in 𝑡𝑝,𝑎𝑣 during the evening peak period than in distance factor from the previous study (5). 5 
Accordingly, correlation between 𝐿𝐹𝑜𝑐𝑐 and 𝑡𝑝,𝑎𝑣 is notably stronger here than was determined between 6 
𝐿𝐹𝑤𝑜𝑟𝑘 and distance factor (which was 0.69). 7 
 8 
TABLE 1  Case Study Route 222 Weekday Hour by Hour Statistical Correlation Analysis between 9 
Occupancy Load Factor and Passenger Average Travel Time 10 
 11 
Number, n Pearson’s correlation 
coefficient, r 
Student’s t statistic P value 
Inbound, Full Span of Service 05:00 to 23:00 
18 
0.63 3.27 0.48% 
strong correlation na within 1% significance 
Inbound, Daytime and Early Evening Only Services 05:00 to 19:30 
14 
0.83 5.14 0.02% 
strong correlation na within 0.1% significance 
Outbound, Full Span of Service 05:30 to 23:30 
18 
0.79 5.09 0.01% 
strong correlation na within 0.1% significance 
 12 
 
 13 
 14 
FIGURE 6 Case Study Route 222 Weekday Outbound Services’ Time Series Occupancy Load Factor 15 
(bottom) and Passenger Average Travel Time (top). 16 
 17 
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Implications of Route Occupancy Load Factor and Passenger Average Travel Time Correlation to 1 
Quality of Service 2 
The strong hour by hour correlation between 𝐿𝐹𝑜𝑐𝑐 and 𝑡𝑝,𝑎𝑣 found for Route 222 in both directions has 3 
significant implications to passenger quality of service. In both directions average travel time was 4 
generally about 5min, or one-third higher during the highest load factor peak period than the off-peak 5 
periods. 6 
Passengers traveled for noticeably longer under the least comfortable peak period conditions, 7 
when all seats were used and passengers were standing at least on the MLS. Conversely, during off peak 8 
periods in both directions onboard passenger comfort QoS was high as evidenced by substantially lower 9 
𝐿𝐹𝑜𝑐𝑐, with passengers able to choose their seat on typically shorter trips. 10 
Regarding resource productivity, the high QoS for shorter travel times during off-peak periods 11 
means that higher 𝐿𝐹𝑜𝑐𝑐 could be tolerable and therefore productivity gains could be feasible through 12 
measures such as route amalgamation, short-turning of alternating services, policy headway adjustment, 13 
and/or use of fleet of varying capacities. 14 
 15 
PROPOSED TWO DIMENSIONAL ROUTE PASSENGER COMFORT QUALITY OF SERVICE 16 
MEASUREMENT 17 
TCQSM (1) uses two separate measures for passenger onboard loading comfort QoS; a percentage of 18 
seated load utilized for vehicles designed for mostly seated passengers, and standing space per passenger 19 
for vehicles designed for mostly standing passengers. Both are essentially measures of load factor. While 20 
TCQSM implies their consideration as point measures applicable to the individual segment, occupancy 21 
load factor defined here is a route level averaged measure.  22 
TCQSM provides general guidance how passenger load standards can be expressed and varied in 23 
relation to time of day, peak-of-the-peak, point in the route such as maximum load segment, and specified 24 
duration of time e.g. “no passenger should stand for more than X minutes”. TCQSM Exhibit 5-16 25 
incorporates such considerations across six service levels, with commentary related to each of the 26 
passenger perspective and operator perspective. Meanwhile, the TCQSM capacity methodologies 27 
recommend that all potential locations of the maximum load segment be analysed for person capacity 28 
calculation. 29 
This study shows that consideration of 𝐿𝐹𝑜𝑐𝑐 and 𝑡𝑝,𝑎𝑣 together can provide useful enhancement 30 
to the assessment of passenger onboard loading comfort QoS on the basis of the TCQSM’s principles, but 31 
at the route level, both from the passenger’s and operator’s perspectives. Notwithstanding, consideration 32 
must also be given to the maximum load segment (MLS). This can be achieved through calculation or 33 
estimation of the ratio of load factor on the MLS to that along the whole route R within time-distance 34 
window Z, denoted as �𝐿𝐹𝑀𝐿𝑆𝑅,𝑍 𝐿𝐹𝑜𝑐𝑐𝑅,𝑍� �. To illustrate the feasible range of this ratio, the lowest value 35 
of 1 would reflect a point to point route, while a value exceeding 3 would reflect practically no load on 36 
half the route or more.  37 
Table 2 illustrates an enhanced passenger onboard comfort QoS table, complementing the 38 
structure of TCQSM Exhibit 5-16. It provides sufficient detail within each service level for illustrative 39 
purposes, however can be extended to offer further detail into passenger perspectives regarding their 40 
personal actions or perceptions of travel time, or into operator perspectives regarding detailed operational 41 
processes. When using the table, any potential for variability in �𝐿𝐹𝑀𝐿𝑆𝑅,𝑍 𝐿𝐹𝑜𝑐𝑐𝑅,𝑍� � should be 42 
addressed by considering its known or likely range. This may result in passenger and operator 43 
perspectives each needing to be qualified within a range by interpolating between the descriptors. The 44 
heavier shading in the table reflects a worsening of QoS. 45 
 46 
TABLE 2 Form of Proposed Two Dimensional Route Passenger Comfort QoS Measurement 47 
 48 
Passenger Perspective 
Passenger Average Travel Time 
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Occupancy Load 
Factor 
Up to 15min Up to 30min Up to 45min Up to 60min Greater than 
60min 
Up to 
0.33
�𝐿𝐹𝑀𝐿𝑆𝑅,𝑍 𝐿𝐹𝑜𝑐𝑐𝑅,𝑍� � 
• No passenger 
need sit next to 
another on short 
trip 
• No passenger 
need sit next to 
another on 
medium trip 
• No passenger 
need sit next to 
another on 
medium to long 
trip 
• No passenger 
need sit next to 
another on long 
trip 
• No passenger 
need sit next to 
another on very 
long trip 
Up to 
0.53
�𝐿𝐹𝑀𝐿𝑆𝑅,𝑍 𝐿𝐹𝑜𝑐𝑐𝑅,𝑍� �  
• Passengers have 
some freedom 
where they sit 
on short trip 
• Passengers have 
some freedom 
where they sit 
on medium trip 
• Passengers have 
some freedom 
where they sit 
on medium to 
long trip 
• Passengers have 
some freedom 
where they sit 
on long trip 
• Passengers have 
some freedom 
where they sit 
on very long 
trip 
Up to 
0.67
�𝐿𝐹𝑀𝐿𝑆𝑅,𝑍 𝐿𝐹𝑜𝑐𝑐𝑅,𝑍� � 
• All passengers 
can sit on short 
trip 
• All passengers 
can sit on 
medium trip 
• All passengers 
can sit on 
medium to long 
trip 
• All passengers 
can sit on long 
trip 
• All passengers 
can sit on very 
long trip 
Up to 
0.83
�𝐿𝐹𝑀𝐿𝑆𝑅,𝑍 𝐿𝐹𝑜𝑐𝑐𝑅,𝑍� �  
• Some 
passengers may 
need to stand on 
some segments 
on short trip 
• Some 
passengers may 
need to stand on 
some segments 
on medium trip 
• Some 
passengers may 
need to stand on 
some segments 
on medium to 
long trip 
• Some 
passengers may 
need to stand on 
some segments 
on long trip 
• Some 
passengers may 
need to stand on 
some segments 
on very long 
trip 
Up to 
1
�𝐿𝐹𝑀𝐿𝑆𝑅,𝑍 𝐿𝐹𝑜𝑐𝑐𝑅,𝑍� � 
• Maximum 
schedule load 
may be reached 
on some 
segments on 
short trip 
• Maximum 
schedule load 
may be reached 
on some 
segments on 
medium trip 
• Maximum 
schedule load 
may be reached 
on some 
segments on 
medium to long 
trip 
• Maximum 
schedule load 
may be reached 
on some 
segments on 
long trip 
• Maximum 
schedule load 
may be reached 
on some 
segments on 
very long trip 
Greater than  
1
�𝐿𝐹𝑀𝐿𝑆𝑅,𝑍 𝐿𝐹𝑜𝑐𝑐𝑅,𝑍� � 
• Passengers 
experience 
uncomfortable 
crush loads on 
some segment/s 
on short trip 
• Passengers 
experience 
uncomfortable 
crush loads on 
some segment/s 
on medium trip 
• Passengers 
experience 
uncomfortable 
crush loads on 
some segment/s 
on medium to 
long trip 
• Passengers 
experience 
uncomfortable 
crush loads on 
some segment/s 
on long trip 
• Passengers 
experience 
uncomfortable 
crush loads on 
some segment/s 
on very long 
trip 
Operator Perspective 
Up to 
0.33
�𝐿𝐹𝑀𝐿𝑆𝑅,𝑍 𝐿𝐹𝑜𝑐𝑐𝑅,𝑍� � 
• Unproductive 
service 
• Unproductive 
service 
• Unproductive 
service 
• Unproductive 
service 
• Unproductive 
service 
Up to 
0.53
�𝐿𝐹𝑀𝐿𝑆𝑅,𝑍 𝐿𝐹𝑜𝑐𝑐𝑅,𝑍� �  
• Unproductive 
service 
• Unproductive 
service unless 
higher load 
factors occur on 
some segments 
• Marginally 
productive 
service if higher 
load factors 
occur on some 
segments 
• Productive 
service if higher 
load factors 
occur on some 
segments 
• Productive 
service if higher 
load factors 
occur on some 
segments 
Up to 
0.67
�𝐿𝐹𝑀𝐿𝑆𝑅,𝑍 𝐿𝐹𝑜𝑐𝑐𝑅,𝑍� � 
• Marginally 
productive 
service if higher 
load factors 
occur on some 
segments 
• Marginally 
productive 
service if higher 
load factors 
occur on some 
segments 
• Productive 
service if higher 
load factors 
occur on some 
segments 
• Productive 
service if higher 
load factors 
occur on some 
segments 
• Productive 
service if higher 
load factors 
occur on some 
segments 
Up to 
0.83
�𝐿𝐹𝑀𝐿𝑆𝑅,𝑍 𝐿𝐹𝑜𝑐𝑐𝑅,𝑍� �  
• Productive 
service if higher 
load factors 
• Productive 
service if higher 
load factors 
• Very productive 
service if higher 
load factors 
• Very productive 
service if higher 
load factors 
• Very productive 
service 
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occur on some 
segments 
occur on some 
segments 
occur on some 
segments 
occur on some 
segments 
Up to 
1
�𝐿𝐹𝑀𝐿𝑆𝑅,𝑍 𝐿𝐹𝑜𝑐𝑐𝑅,𝑍� � 
• Productive 
service 
• Very productive 
service if higher 
load factors 
occur on some 
segments 
• Very productive 
service if higher 
load factors 
occur on some 
segments 
• Very productive 
service. 
• May generate 
complaints by 
standing 
passengers if 
higher load 
factors occur on 
some segments. 
• Very productive 
service. 
• May generate 
complaints by 
standing 
passengers if 
higher load 
factors occur on 
some segments. 
Greater than  
1
�𝐿𝐹𝑀𝐿𝑆𝑅,𝑍 𝐿𝐹𝑜𝑐𝑐𝑅,𝑍� � 
• Very productive 
service 
• Potential for 
some 
unreliability 
• Likely to 
generate some 
passenger 
complaints 
about 
overcrowding 
and/or pass-ups 
• Very productive 
service 
• Potential for 
significant 
unreliability 
• Likely to 
generate 
complaints 
about 
overcrowding 
and/or pass-ups 
• Significant 
unreliability 
likely 
• Certain to 
generate 
complaints 
about standing / 
overcrowding 
for long time 
periods and/or 
pass-ups 
• Significant 
unreliability 
likely 
• Certain to 
generate 
complaints 
about standing / 
overcrowding 
for long time 
periods and/or 
pass-ups 
• Significant 
unreliability 
likely 
• Certain to 
generate 
complaints 
about standing / 
overcrowding 
for long time 
periods and/or 
pass-ups 
 1 
Analysis of the Route 222 data, with its segment running times as per Figure 2, yielded values of 2 
�𝐿𝐹𝑀𝐿𝑆𝑅,𝑍 𝐿𝐹𝑜𝑐𝑐𝑅,𝑍� � ranging substantially between 1.3 and 2.1 during off-peak periods, but narrowly 3 
between 1.6 and 1.8 during peak periods.  4 
Using Table 2, from the passengers’ perspective, service levels in the peak direction can be 5 
interpolated as “maximum schedule load may be reached on some segments, on short to medium trip” 6 
during the morning peak and “some passengers may need to stand on some segments, on short to medium 7 
trip” during the evening peak. Service levels can be generally interpolated as “no passenger need sit next 8 
to another on short trip” during off-peak periods. Overall passenger comfort QoS was therefore high 9 
throughout the day.  10 
From the operator’s perspective, service level in the peak direction can be interpolated as 11 
“productive service” during the morning peak and “productive service if higher load factors occur on 12 
some segments” during the evening peak. Service level can be interpolated as “unproductive service” 13 
during off-peak periods. 14 
 15 
CONCLUDING REMARKS 16 
This paper used a case study, premium radial bus route operating on a typical weekday in Brisbane, 17 
Australia to investigate time series correlation between occupancy load factor and passenger average 18 
travel time. It was argued that occupancy load factor, which characterizes average occupancy of transit 19 
time-spaces along a route during a time window, is better suited to quality of service (QoS) assessment 20 
than work load factor because travel time is better perceived by passengers than distance. Occupancy load 21 
factor is also a very useful direct productivity measure that can enable direct comparison between routes, 22 
time periods, etc. While it was demonstrated that passenger average travel time is a useful direct 23 
passenger QoS measure, it may also be useful to the operator as an additional productivity measure when 24 
compared to vehicle online time. 25 
In a practical setting, the theory and methodology described in this paper could be readily applied 26 
using spreadsheet analysis to a fixed schedule route as was performed in this study. Along with schedule, 27 
boarding and alighting count data by stop is required, which is accessible from many Automatic Fare 28 
Collection (AFC) systems such as that used in Brisbane, or Automatic Passenger Count (APC) systems. 29 
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For a particular study period such as a peak hour, Table 2 may be used to qualify passenger comfort QoS 1 
with respect to the two dimensions of occupancy load factor and passenger average travel time, both from 2 
the passengers’ and operator’s perspectives. This provides an enhancement to the existing TCQSM 3 
methodology, which can assist in benchmarking and decision making regarding route and schedule 4 
design. 5 
The outcomes of this study also provide valuable research and development directions. While the 6 
case study revealed a distinct correlation between occupancy load factor and passenger average travel 7 
time, this is just one type of transit route in one location at one time. Routes having a variety of features 8 
should be studied for this form of correlation to more fully inform QoS and resource productivity 9 
assessment. Additional insight into the relationship between the two dimensions of occupancy load factor 10 
and passenger average travel time is offered in an enhanced QoS table proposed herein.  Some research 11 
exists in the literature and is cited in the TCQSM (1), which may be extended to assign value of time 12 
(VoT) at the segment level for a given load factor. In turn, VoT may be determined at the route level in 13 
order to offer an additional QoS measure that reflects passenger comfort through crowding.  Additional 14 
research on the effect on VoT of average time spent while onboard under varying loading would enhance 15 
such a QoS measure. This would also assist in broader econometric modeling of transit service quality. 16 
 17 
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